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,QWURGXFWLRQ
6RODUFHOOVJHQHUDWHSRZHUE\DEVRUELQJWKHHQHUJ\RISKRWRQVIURPWKH6XQ:KHQDSKRWRQVWULNHVWKHVXUIDFH
RIDVRODUFHOOHOHFWURQVDUHWUDQVIHUUHGWKURXJKWKHFHOODQGDPHDVXUDEOHFXUUHQWLVIRUPHG7KLVSURFHVVLVNQRZQ
DVWKHSKRWRHOHFWULFHIIHFWDQGLWLVWKHEDVLVIRUVRODUSRZHU7KHWRWDOSRZHUSURGXFHGE\DVRODUPRGXOHLVOLPLWHG
E\WKHWRWDODPRXQWRIVRODUHQHUJ\LQWKHIRUPRISKRWRQVVWULNLQJWKHVXUIDFHRIWKHSDQHOV>@7KHPRVWDEXQGDQW
IXHO VRXUFH LQ WKH UHDOP RI UHQHZDEOH HQHUJ\ LV WKH VXQ 6RODU SDQHOV SURGXFH HOHFWULFLW\ WKURXJK LQGLYLGXDO
SKRWRYROWDLFFHOOVFRQQHFWHGLQVHULHV7KLVIRUPRIHQHUJ\FROOHFWLRQLVYLDEOHLQUHJLRQVRIWKHZRUOGZKHUHWKHVXQ
LVSOHQWLIXODQGFDQEHXVHGLQLVRODWHGUHJLRQVRURQKRXVHVWRVXSSOHPHQWWKHULVLQJFRVWRIHOHFWULFLW\IURPDSRZHU
JULG7RFRQYHUW WKH VXQ¶VHQHUJ\ WKHFHOOVFDSWXUHSKRWRQV WRFUHDWH IUHHGHOHFWURQV WKDW IORZDFURVV WKHFHOOV WR
SURGXFHXVDEOHFXUUHQW>@7KHHIILFLHQF\RIWKHSDQHOLVGHWHUPLQHGE\WKHVHPLFRQGXFWRUPDWHULDOWKDWWKHFHOOVDUH
PDGH IURP DV ZHOO DV WKH SURFHVV XVHG WR FRQVWUXFW WKH FHOOV 6RODU SDQHOV FRPH LQ WKUHH W\SHV DPRUSKRXV
PRQRFU\VWDOOLQHDQGSRO\FU\VWDOOLQH>@7KHPRUHHIILFLHQWRISDQHOPDWHULDOLVFRQVWUXFWHGIURPWKHJUHDWHUFRVW
7RPD[LPL]HUHVXOWVWKHUHDUHPDQ\IHDWXUHVWKDWFDQEHXVHGWRFRQWUROWKHRXWSXWRIWKHSKRWRYROWDLFSDQHOV7KH
SRZHUQHHGVGHWHUPLQHZKDWFRPSRQHQWVDUHXVHGWRSURGXFHWKHGHVLUHGYROWDJHDQGFXUUHQWIRUWKHSURMHFWVXFKDV
FRQYHUWHUVVRODUWUDFNHUVDQGWKHVL]HRIWKHSDQHO>@
(OHFWULFLW\JHQHUDWLRQIURPVRODU39
3KRWRYROWDLF 39 HQHUJ\ DSSOLFDWLRQV FDQ EH GLYLGHG LQWR WZR FDWHJRULHV RQH LV VWDQGDORQH V\VWHP DQG WKH
RWKHULVJULGFRQQHFWHGV\VWHP6WDQGDORQHV\VWHPUHTXLUHVWKHEDWWHU\EDQNWRVWRUHWKH39HQHUJ\DQGLWLVVXLWDEOH
IRUORZSRZHUV\VWHP>@6WDQGDORQH39V\VWHPVVKRZQLQ)LJDUHXVHGLQUHPRWHDUHDVZLWKQR$FFHVVWRD
XWLOLW\JULG>@


)LJ6WDQG$ORQH3KRWRYROWDLF6\VWHPV%ORFN'LDJUDP>@

*ULGFRQQHFWHGV\VWHPGRHVQRWUHTXLUH WKHEDWWHU\EDQNDQGKDVEHFRPHWKHSULPDU\39DSSOLFDWLRQIRUKLJK
SRZHUDSSOLFDWLRQV7KHPDLQSXUSRVHRIWKHJULGFRQQHFWHGV\VWHPLVWRWUDQVIHUPD[LPXPVRODUDUUD\HQHUJ\LQWR
JULGZLWKDXQLW\SRZHUIDFWRU%HFDXVHRIWKHKLJKFRVWRI39PRGXOHV39JHQHUDWLRQV\VWHPVDUHDWWUDFWLYHRQO\
IRUUHPRWHLVRODWHGDUHDVDQGIRUVPDOOVFDOHDSSOLFDWLRQVVXFKDV39UHIULJHUDWRUVDQGZDWHUSXPSLQJV\VWHPV>@
$39V\VWHPIRUWKHJULGFRQQHFWHGDSSOLFDWLRQVLVW\SLFDOO\FRPSRVHGRIILYHPDLQFRPSRQHQWVD39DUUD\
WKDWFRQYHUWVVRODUHQHUJ\WRHOHFWULFHQHUJ\DGFGFFRQYHUWHUWKDWFRQYHUWVORZGFYROWDJHVSURGXFHGE\WKH39
DUUD\VWRDKLJKGFYROWDJHDQLQYHUWHUWKDWFRQYHUWVWKHKLJKGFYROWDJHWRDVLQJOHRUWKUHHSKDVHDFYROWDJHD
GLJLWDOFRQWUROOHUWKDWFRQWUROVWKHFRQYHUWHURSHUDWLRQZLWKPD[LPXPSRZHUSRLQWWUDFNLQJ0337FDSDELOLW\DQG
D$&ILOWHUWKDWDEVRUEVYROWDJHFXUUHQWKDUPRQLFVJHQHUDWHGE\WKHLQYHUWHU>@%ORFNGLDJUDPRIJULGFRQQHFWHG
SKRWRYROWDLFV\VWHPLVVKRZQLQ)LJ

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
)LJ%ORFNGLDJUDPRIJULGFRQQHFWHGSKRWRYROWDLFV\VWHP>@
6RODUHQHUJ\SRWHQWLDOLQ7XUNH\
7KH 7XUNLVK HFRQRP\ KDV EHHQ JURZLQJ UDSLGO\ HVSHFLDOO\ VLQFH WKH V 'HVSLWH OLPLWDWLRQV LQ GRPHVWLF
UHVRXUFH DYDLODELOLWLHV SULPDU\ DQG VHFRQGDU\ HQHUJ\ GHPDQG LV JURZLQJ YHU\ UDSLGO\ SDUDOOHO ZLWK LWV
LQGXVWULDOL]DWLRQHIIRUWV7XUNH\LVDQHQHUJ\LPSRUWLQJFRXQWU\7KHPDLQHQHUJ\UHVRXUFHVDUHK\GURDQGOLJQLWH,W
KDVQ¶WYHU\PXFKRLORUQDWXUDOJDVUHVHUYHV)RUWKLVUHDVRQDVLJQLILFDQWSDUWRIRLODQGJDVLVLPSRUWHG,Q7XUNH\
HOHFWULFLW\ LVSURGXFHGE\K\GURSRZHUSODQWVDQG WKHUPDOSRZHUSODQWVFRQVXPLQJ OLJQLWHFRDOQDWXUDOJDVDQG
IXHORLO,WDOVRKDVDODUJHSRWHQWLDOIRUUHQHZDEOHHQHUJLHV>@
6RODUUDGLDWLRQDUULYLQJRQHDUWKVXUIDFHLVWKHPRVWIXQGDPHQWDOUHQHZDEOHHQHUJ\VRXUFH,QUHFHQW\HDUVVRODU
HQHUJ\XWLOL]DWLRQLQYDULRXVDSSOLFDWLRQVKDVLQFUHDVHGVLJQLILFDQWO\7XUNH\LVSURPLVLQJFRXQWU\IRUVRODUHQHUJ\
SRWHQWLDO,WVJHRJUDSKLFDOORFDWLRQLVKLJKO\IDYRUDEOHIRUWKHXWLOL]DWLRQRIVRODUHQHUJ\,WLVJHRJUDSKLFDOO\ORFDWHG
1ODWLWXGHVLQDXVHIXOSRVLWLRQIRUWKHVRODUSRZHU>@7XUNH\¶VPRQWKO\DYHUDJHVRODUSRWHQWLDOLVVKRZQLQ
7DEOH

7DEOH0RQWKO\$YHUDJH6RODU3RWHQWLDORI7XUNH\
0RQWKV 0RQWKO\7RWDO6RODU(QHUJ\
N:KPPRQWK
6XQVKLQH'XUDWLRQ
KRXUVPRQWK
-DQXDU\  
)HEUXDU\  
0DUFK  
$SULO  
0D\  
-XQH  
-XO\  
$XJXVW  
6HSWHPEHU  
2FWREHU  
1RYHPEHU  
'HFHPEHU  
7RWDO  
$YHUDJH N:KPGD\ KRXUVGD\

701 Celal Karaca and Fatih Başçiftçi /  Procedia Technology  12 ( 2014 )  698 – 704 
6RODU (QHUJ\ LV WKH PRVW LPSRUWDQW DOWHUQDWLYH FOHDQ HQHUJ\ UHVRXUFH LQ 7XUNH\ 7KH \HDUO\ DYHUDJH VRODU
UDGLDWLRQLVN:KPðD\HDUDQGN:KPDGD\7KHWRWDO\HDUO\LQVXODWLRQSHULRGLVDSSUR[LPDWHO\
KRXUVSHU\HDUDQGKRXUVDGD\>@6RODUUDGLDWLRQPDSLVVKRZQLQ)LJXUH


)LJ7XUNH\¶VVRODUUDGLDWLRQPDS

$FFRUGLQJ WR WKHGDWDRI(OHFWULFDO3RZHU5HVRXUFHV6XUYH\DQG'HYHORSPHQW$GPLQLVWUDWLRQ.RQ\DFLW\KDV
WKHWRWDODQQXDO.:KPVRODUHQHUJ\SRWHQWLDO7KHPRQWKZLWKWKHKLJKHVWSRWHQWLDORIVRODUHQHUJ\LVMXO\
ZLWK.:KPYDOXHDQGGHFHPEHUKDV WKH ORZHVWYDOXHZLWK.:KPIRU WKHSRWHQWLDORIVRODUHQHUJ\ LQ
.RQ\D 
(OHFWULFLW\QHHGVRIDKRXVH
:KHQZHORRNDWHOHFWULFLW\FRQVXPSWLRQYDOXHVRIDKRXVHZHVHHWKDWUHIULJHUDWRULVLQILUVWRUGHUZLWKDVKDUH
RI OLJKWLQJ LV WKHVHFRQGZLWKHOHFWULF IXUQDFHVZLWKWKLUGSODFH79ZDVKLQJPDFKLQH
GLVKZDVKHULURQYDFXXPFOHDQHUDQGKDLUGU\HUVKDUH
$KRXVH¶VGDLO\ZHHNO\DQGPRQWKO\HQHUJ\FRQVXPSWLRQDPRXQWVVKRZQRQWKHIROORZLQJ7DEOH:KHQWKHWDEOH
GDWD GHWHUPLQLQJ DPHGLXPVL]HG IDPLO\ DQG KRPH FRQVLGHUHG YDOXHV FDOFXODWHG DFFRUGLQJ WR WKHVH FRQGLWLRQV
$OVRLWDVVXPHGWKDWWKLVKRXVHKDVDOOHOHFWULFDOHTXLSPHQWVDQGWKH\DUHXVLQJDFWLYHO\

7DEOH$KRXVH¶VGDLO\ZHHNO\DQGPRQWKO\DYHUDJHHOHFWULFLW\FRQVXPSWLRQYDOXHV
3URGXFW1DPH
'DLO\$YHUDJH3RZHU
&RQVXPSWLRQ
N:KKRXUV
:HHNO\$YHUDJH3RZHU
&RQVXPSWLRQ
N:K$ZHHN
0RQWKO\$YHUDJH
3RZHU&RQVXPSWLRQ
N:K$0RQWK
5HIULJHUDWRU N:K N:K N:K
/LJKWLQJ
EXOE[KRXUV [Z N:K N:K N:K
(OHFWULF2YHQ
KRXUV[GD\VZHHN [Z N:K N:K N:K
79
KRXUVSHUGD\ [Z N:K N:K N:K
:DVKLQJ0DFKLQH
KRXUV[GD\VZHHN [N:K N:K N:K N:K
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'LVK0DFKLQH
KRXU[SHUGD\ [N:K N:K N:K N:K
,URQKRXUVZHHN  [Z N:K N:K
9DFXXP&OHDQHU
KRXUVZHHN  [Z N:K N:K
+DLU'U\HU
KRXUVZHHN  [Z N:K N:K
&RPSXWHU
KRXUVGD\ [Z N:K N:K N:K
:DWHU+HDWHU
KRXUVZHHN  [Z  N:K
(OHFWULF.LWFKHQ
$SSOLDQFHV Z N:K N:K
7RWDO N:K N:K N:K

:KHQZHORRNDWWKHYDOXHVLQWKHDERYHWDEOHWKLVVDPSOHKRPHQHHGVN:KHOHFWULFLW\DGD\N:KDZHHN
DQGN:KDPRQWK:HPDGHDQH[DPSOHVRODUHQHUJ\SRZHUJHQHUDWLRQV\VWHPGHVLJQ IRUGDLO\N:KRI
HOHFWULFLW\FRQVXPSWLRQLQRXUVWXG\
6RODU39V\VWHPGHVLJQ
7KHVWXG\ZDVFDUULHGLQDFFRUGDQFHZLWKFOLPDWHFRQGLWLRQVRI.RQ\D3URYLQFHLQ7XUNH\0RQWKO\DYHUDJHRI
DOOHQHUJ\H[SHQGLWXUHVRIDGZHOOLQJZDVLQIHUUHG0HHWLQJWKHQHHGRIHOHFWULFLW\ZLWKVRODUHQHUJ\DFFRUGLQJWR
ZHDWKHU GDWD RI .RQ\D ZDV DQDO\]HG $ UHQHZDEOH HQHUJ\ V\VWHP ZDV HVWDEOLVKHG ZLWK VRODU SDQHOV DW 6HOFXN
8QLYHUVLW\FDPSXVDUHDLQ.RQ\D2QWKLVFOHDQHQHUJ\V\VWHPZHXVHGVRODUSDQHOVZLWKZDWWSRZHUVKRZQ
LQ)LJ



)LJ6RODU3DQHOVXVHGLQWKHVWXG\

7KHJHQHUDWHGHOHFWULFLW\VWRUHGRQ9$KJHOEDWWHULHV:HXVHGFRPSXWHUVRIWZDUHWRUHFRUGUHDOWLPHGDWD
DQG DOVR PDNH GDLO\ ZHHNO\ DQG PRQWKO\ UHFRUGV ,W ZDV DOVR SRVVLEOH WR JHW UHPRWH DFFHVV WR WKHVH GDWD
0HDVXUHPHQWV ZHUH PDGH GXULQJ  \HDU SHULRG DQG WKH SURGXFHG HOHFWULFLW\ ZDV XVHG DW 7HFKQLFDO (GXFDWLRQ
)DFXOW\RI6HOFXN8QLYHUVLW\6RODUSDQHOGDWDUHFRUGLQJDUHDLVVKRZQLQ)LJ

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

)LJ6RODUSDQHOGDWDUHFRUGLQJDUHD


6RODUSDQHOVSURGXFHGLUHFWFXUUHQW'&EXWGHYLFHVXVHGLQKRPHVZRUNZLWKDOWHUQDWLQJFXUUHQW$&,QYHUWHU
FRQYHUWVGLUHFWFXUUHQWWRDOWHUQDWLQJFXUUHQWYROWVGLUHFWFXUUHQWFRQYHUWVWRYROWV+]PDLQVHOHFWULFLW\
E\LQYHUWHU7KHLQYHUWHUZLWKZDWWFDSDFLW\XVHGLQWKHVWXG\LVVKRZQLQ)LJ



)LJ6LQXVLQYHUWHUXVHGLQWKHVWXG\

$QH[DPSOHRIDZHHNO\UHFRUGRIGDWDUHFRUGLQJVRIWZDUHLVVKRZQLQ)LJ,QWKLVVFUHHQVKRWZHVHHUHFRUGV
IURPWKHILUVWZHHNRI6HSWHPEHURI7KUHHW\SHVRIGDWDDUHUHFRUGHGRQDGDLO\EDVLVLQRXU39V\VWHP7KHVH
DUHWKHRFFXSDQF\UDWHRIEDWWHULHVYROWDJHDQGFXUUHQWYDOXHVRQEDWWHULHV,Q)LJZHVHHPD[EDWWHU\YROWDJHDQG
PLQEDWWHU\YROWDJHWKDWPHDQVKLJKHVWDQGORZHVWYROWDJHYDOXHUHDFKHGGXULQJWKHGD\


)LJ$QH[DPSOHRIDZHHNO\UHFRUGRIGDWDUHFRUGLQJVRIWZDUH
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
&RQFOXVLRQ

.RQ\DKDVYDOXHVDERYHWKHDYHUDJHRI7XUNH\DERXWVRODUUDGLDWLRQDQGVXQVKLQHGXUDWLRQ:KHQZHDQDO\]HRXU
UHFRUGHGVRODUGDWDZHKDYHVHHQWKDWLIZHKDYHELJHQRXJKFOHDQHQHUJ\V\VWHPIRUDKRXVHLWFRYHUVWKHKRXVH¶V
DOOHOHFWULFLW\QHHGV,QRXUVWXG\DVDUHVXOWRIVHYHQKRXUZRUNLQJDGD\:DWWVRODUSDQHOVSURGXFLQJN:
RIHOHFWULFLW\HQHUJ\7KLV LVJRRGHQRXJKYDOXH WRPHHWDQDYHUDJHVL]HKRXVH¶VGDLO\HOHFWULFLW\QHHGV:KHQZH
ORRNDWWKHFRVWRIWKHLQLWLDOLQVWDOODWLRQZHKDYHVHHQWKDWWKHUHLVQHHGDQDYHUDJHRIWKRXVDQG(XURVEXGJHWIRU
WKLV UHQHZDEOH HQHUJ\ V\VWHP LQFOXGLQJ VRODU SDQHOV VRODU EDWWHULHV $& WR '& FRQYHUWHU DQG FKDUJH FRQWUROOHU
GHYLFH$IDPLO\ZLWKPHPEHUVXVHVDSSUR[LPDWHO\N:HOHFWULFLW\HQHUJ\LQDGD\IRUOLJKWLQJDQGDOOHOHFWULFDO
DSSOLDQFHV6RWKLVVDPSOHKRXVHQHHGVN:SRZHULQDPRQWK<RXSD\¼HDFKPRQWKIRUWKLVHOHFWULFLW\XVH
LQ7XUNH\FRQGLWLRQV7KHUHQHZDEOHHQHUJ\V\VWHPZLOOPHHWWKHFRVWRIWKHLQLWLDOLQVWDOODWLRQQHDUO\LQ\HDUV
&RVWRIILUVWLQVWDOODWLRQLVWKHPRVWLPSRUWDQWIDFWRUIRUXVLQJVRODUHQHUJ\V\VWHPDWGZHOOLQJV%HFDXVHWKHFRVW
RIILUVWLQVWDOODWLRQVWLOOKDVTXLWHKLJKUDWHV'HYHORSPHQWRIVRODUSDQHOSURGXFWLRQWHFKQRORJLHVDQGILQGLQJPRUH
HFRQRPLFDOZD\VDUHDUHTXLUHPHQWIRUZLGHO\XVH7KHXVHRIUHQHZDEOHHQHUJ\VRXUFHVZLOOEHDQHFHVVLW\UDWKHU
WKDQ D SUHIHUHQFH LQ WKH IXWXUH7KHUHIRUH SURGXFHUV DQG VFLHQWLVWV VKRXOG JLYHPRUH LPSRUWDQFH WR UHVHDUFK DQG
GHYHORSPHQWDFWLYLWLHVDERXWVRODUHQHUJ\WHFKQRORJLHV$ZLQGWXUELQHFDQEHDGGHGWRWKHFOHDQHQHUJ\V\VWHPE\
WKLV ZD\ ZLQG SRZHU FDQ EH XVHG DW VXQOHVV GD\V 7KH K\EULG V\VWHP ZLWK ZLQG DQG WKH VXQ ZLOO JLYH EHWWHU
SHUIRUPDQFH
$FNQRZOHGJHPHQWV
7KLVZRUNLVVXSSRUWHGE\WKH&RRUGLQDWRUVKLSRI6HOFXN8QLYHUVLW\¶V6FLHQWLILF5HVHDUFK3URMHFWV
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